In this paper, we investigate some properties on a class of T 0 A−spaces called upper bounded. This class contains properly the class of Artinian T 0 A−spaces. We prove that if X is a U B T 0 A−space, then it is always strongly irresolvable and ∀x ∈ X,x ̸ = ∅. Moreover, we prove that τ α = P O(X) ⊆ SO(X). We present necessarily and sufficient conditions for a U B T 0 A−space to be submaximal, hypeconnected, and extremally disconnected. In addition, the relationship between U B and other types of T 0 A−spaces are discussed with some examples.
Introduction and Preliminary
An Alexandroff space (briefly A−space) (or minimal neighborhood space) X is a topological space in which the arbitrary intersection of open sets is open. These spaces were first introduced by P.Alexandroff in 1937 [17] under the name of Discrete Raume (discrete space). In these spaces, each element x has a minimum open neighborhood set V (x) which is the intersection of all open sets containing x. For every T o A-space (X, τ ), there is a corresponding poset (X, ≤ τ ), in one to one and onto way, where each one of them is completely determined by the other. If (P, ≤) is a poset, then B = {↑ x : x ∈ P } forms a base for a topology on P denoted by τ ≤ which is a T 0 A-space. Moreover, if (X, τ ) is an Alexandroff topological space, we define the pre-order ≤ τ called specialization (Alexandroff ) pre-order by: a ≤ τ b if and only if a ∈ {b}. This specialization order is partial order if and only if (X, τ ) is T o . On the other hand, if (X, τ ) is a T o A−space and if ≤ τ is its specialization order, then the induced topology by the specialization order is the original topology. Also if (P, ≤) is a poset and τ (≤) its induced T o A-topology, then the specialization order ≤ (τ ≤ ) =≤. So we consider (X, τ (≤)) to be a T o Aspace (X, τ ) together with its specialization order ≤. We see that ∀x ∈ X, V (x) equals ↑ x; the up set of x in the corresponding poset. A poset (P, ≤) satisfies the ascending chain condition (ACC) , if for any increasing sequence x 1 ⊆ x 2 ⊆ · · · ⊆ x n ⊆ · · · in P , there exists k ∈ N such that x k = x k+1 = · · · . The dual of (ACC) is the descending chain condition (DCC). If a poset satisfies both ACC, and DCC, we say that P is of finite chain condition (F CC). Given a poset (X, ≤), the set of all maximal elements is denoted by M and the set of all minimal elements is denoted by m. Moreover, for x ∈ X, we definê x to be the set of all maximal elements grater than or equal to x andx to be the set of all minimal elements less than or equal to x. That is,x =↑ x ∩ M andx =↓ x ∩ m. A T o A−space whose corresponding poset satisfies the ACC is called Artinian T o A−space, and whose corresponding poset satisfies the DCC is called Noetherian T o A−space. [7] A topological space (X, τ ) is called scattered if no subset of X is dense-in-itself, and α-scattered if there exists a dense set of isolated points. [ The pre-closure (resp. semi-closure, α−closure) of A, denoted by pcl(A) (resp. scl(A), αcl(A)), is the smallest preclosed (resp. semi-closed, α−closed) set contains A. The pre-interior (resp. semi-interior, α−interior) of A, denoted by pInt(A) (resp. sInt(A), αcl(A)), is the largest preopen (resp. semi-open, α−open) set contained in A. In [10] , it has been shown that a set is α-open if and only if it is semi-open, and preopen set.
A topological space (X, τ (≤)) is called resolvable [5] [11] if no nonempty open set is resolvable. X is called hereditarily irresolvable [5] if no nonempty subset is resolvable. It is nodec [12] if all nowhere dense sets are closed. We call X hyperconnected if every open subset of X is dense, if X is not hyperconnected, then it is hyperdisconnected. X is submaximal [9] Note that in a U B ( resp. an LB ) T 0 A− space, the set M of all maximal elements (resp. the set m of all minimal elements ) is always non empty.
Proof. Suppose that there exists x ∈ X such thatx = ∅. Then, ∀y ∈↑ x, y / ∈ M . So, there exists z ∈ X such that y < z (:= y ≤ z and y ̸ = z). Since x ∈↑ x, there exists y 1 ∈ X, such that x < y 1 . Again, y 1 ∈↑ x, so there exists y 2 ∈ X, such that y 1 < y 2 . Continue this process to get a properly increasing chain x < y 1 < y 2 < · · · < y n < · · · with no upper bound, and this proves that X is not U B. The proof ofx ̸ = ∅ is similar.
In general, the converse of the above theorem is not true. The following example shows that if X is a space satisfying the condition that ∀x ∈ X,x ̸ = ∅ (resp.x ̸ = ∅), then X need not be a U B (resp. an LB) T • A−space. It is obvious that in a U B (resp. an LB) T 0 A−space, if x ≤ y, thenx ⊇ŷ (resp.x ⊆y). In [4] , some differences between Artinian T 0 A−spaces and U B T 0 A−spaces are viewed. Some theorems -which were proved on the Artinian T 0 A−spaces in [7] -are generalized on the U B T 0 A−spaces. It should be noted that the manner of the proofs is similar to those in [7] . This is because the proofs of these theorems depend basically on the set of maximal elements in X which is commonly nonempty in both U B, and Artinian T 0 A−spaces. The following theorems were proved in [4] . 
Theorem 2.8. [4] A set D is dense in a U B T 0 A−space if and only if
M ⊆ D. Theorem 2.9. Let (X, τ (≤)) be a U B T • A−space. Then (a) A • = ∅ if and only if A ∩ M = ∅.
(b) a subset A is nowhere dense if and only if
(c) |M | = 1 implies that any subset of X is either dense or nowhere dense.
(c) Let M = {T }, and let A be a subset of X, then either T ∈ A or T / ∈ A. By Theorem 2.8 and part(b) above, either A is dense or nowhere dense.
Let (X, τ (≤)) be a U B T 0 A−space. The set M belongs to all dense subsets of X, so no disjoint dense subsets exist in X, and hence X is surely irresolvable. Moreover, it is strongly irresolvable, and we get the following proposition. 
Corollary 2.14. Let (X, τ (≤)) be a U B T 0 A−space, then P O(X) ⊆ SO(X). That is, if A is a preopen set, then it is a semi-open.
In any topological space (X, τ ), if D is dense subset, then D • = X, so it is preopen. Further, M.Ganster in [14] showed that the collection P O(X) forms a topology if and only if the intersection of any two dense sets is preopen. In a U B T 0 A−space, the intersection of any two dense sets is dense, and hence preopen, so P O(X) is a topology on X. If U is preopen, then by Corollary 2.14 it is semi-open, and hence by Theorem1.2 it is α-open. Therefore we have the following result. 
Corollary 2.15. Let (X, τ (≤)) be a U B T 0 A−space, then P O(X) = τ α ; that is, a set A is preopen set if and only if it is α-open.

Corollary 2.16. Let (X, τ (≤)) be a U B T
Corollary 2.17. Let (X, τ (≤)) be a U B T 0 A−space, and A a subset of X. Then (a) scl(A) ⊆ pcl(A).
(b) pint(A) ⊆ sint(A).
Theorem 2.18. Let (X, τ (≤)) be a U B T 0 A−space, and A a subset of X. Then (a) pint(A) = {x ∈
Proof. 
In both cases, and by Corollary 2.12, the set A ∪ {↓ x : x ∈ A ∩ M } is preclosed set contains A. Let B be any preclosed set contains A, and let Njåstad in [16] showed that X is extremally disconnected if and only if SO(X) is a topology on X. More precisely, X is extremally disconnected iff SO(X) = τ α .
Theorem 2.20. In a U B T 0 A−space X, the following are equivalent:
(1) X is extremally disconnected.
(2) P O(X) = SO(X). (3) For all x ∈ X, |x| = 1; that is, ∀x ∈ X, there exists exactly one element
y ∈ M such that x ≤ y. Proof. Suppose that A is preopen subset of X. Then as a subspace of X, A is T 0 A−space. Let C be a chain of points in A, and let s ∈ M such that s is an upper bound for C. Then s ∈x ∀x ∈ C. Since A is preopen, s ∈ A. So C is bounded above in A, and hence A is a U B T 0 A−space.
It is worth mentioned that this theorem is stronger than Theorem 2.6, which is proved in [4] .
In general, a subspace of a U B T 0 A−space need not be a U B T 0 A−space. The following example shows that even if a subspace A of a U B T 0 A−space is semi-open, it still need not be a U B. Since each set in P with maximum is directed with supremum, we have the following implications:
The converse is not always true. In fact, one of the following four cases holds for a given poset:
For more detail, see [8] .
Definition 3.4. [6] Let (P, ≤) be a poset, We say that P is directedcomplete (briefly dcpo) if P dir = P di . That is, every directed subset of P has a supremum. Proof. Let (X, τ (≤)) be a dcts, and let C be a chain of points in X. Then C is directed set. Hence it has supremum. Therefore C is bounded above. With respect to some suitable collection of topological spaces including those given in the previous example, the following diagram gives a clarification for the relationship between the types of T 0 A−space studied in the previous example. 
